Isolates from wild marine fish and freshwater trout farms show highly different virulence profiles: isolates from marine fish species cause little or no mortality in rainbow trout following experimental waterborne challenge, whilst challenge with rainbow trout isolates results in high levels of mortality. Phylogenetic analyses have revealed that the highly virulent trout-derived isolates from freshwater farms have evolved from VHSV isolates from marine fish host species over the past 60 years. Recent isolates from rainbow trout reared in marine zones show intermediate virulence. The present study aimed to identify molecular virulence markers that could be used to classify VHSV isolates according to their ability to cause disease in rainbow trout. By a reverse genetics approach using a VHSV-related novirhabdovirus [infectious hematopoietic necrosis virus (IHNV)], four chimaeric IHNV-VHSV recombinant viruses were generated. These chimaeric viruses included substitution of the IHNV glyco-(G) or non-structural (Nv) protein with their counterparts from either a trout-derived or a marine VHSV strain. Comparative challenge experiments in rainbow trout fingerlings revealed similar levels of survival induced by the recombinant (r)IHNV-VHSV chimaeric viruses regardless of whether the G or Nv genes originated from VHSV isolated from a marine fish species or from rainbow trout. Interestingly, recombinant IHNV gained higher virulence following substitution of the G gene with those of the VHSV strains, whilst the opposite was the case following substitution of the Nv genes.
INTRODUCTION
Until 1988, viral hemorrhagic septicaemia virus (VHSV) was recognized as the causative agent of viral hemorrhagic septicaemia (VHS) affecting only European freshwater fish species, mainly rainbow trout (Oncorhynchus mykiss). As a result of infection, mortality rates are as high as 90 %, resulting in serious economic losses to the aquaculture industry (Nylin & Olesen, 2001; Smail, 1999) . VHSV was then isolated for the first time in North America from ascending Chinook and coho salmon (Brunson, 1989; Hopper, 1989) and soon after in wild cod (Smail, 1995) .
The latter confirmed VHSV in the marine environment of Europe, and altered the view on an earlier isolate from cod caught in the Baltic Sea previously in 1979 (Jensen & Larsen, 1979) . Surveys in European waters found an extensive VHSV reservoir involving many marine fish species, and by 2005, VHSV had been isolated from 48 different species (Skall et al., 2005) . This number has increased since, in particular due to the recent emergence of VHSV in the North American Great Lakes where at least 28 freshwater species have been shown to be VHSV susceptible (USDA-APHIS, 2008a, b) .
VHSV is a negative-sense ssRNA in the genus Novirhabdovirus and family Rhabdoviridae (Van Regenmortel et al., 2000) . To date, novirhabdoviruses have been isolated only from fish and are characterized by the unique non-virion (Nv) protein. As for all rhabdoviruses, the VHSV genome is roughly 11 kb and encodes five structural proteins and the non-structural Nv in the order 39-N-P-M-G-Nv-L-59. The nucleoprotein (N), polymerase-associated protein (P) and large polymerase protein (L) together with the genomic RNA constitute the ribonucleoprotein (RNP) complex. The matrix protein (M) surrounds the RNP and interacts with the inner face of the viral envelope in which is inserted the unique glycoprotein (G).
Phylogenetic studies have revealed that VHSV clusters into four major genotypes (I-IV) and a number of sublineages (Ia-Ie, IVa-IVb) (Einer-Jensen et al., 2004 Elsayed et al., 2006; Snow et al., 1999) . The identified genetic grouping correlates to geographical regions and not to serotyping with neutralizing (G protein-specific) antibodies, emphasizing that epidemiological analysis based on phenotypic characteristics such as serotype could be misleading. With respect to virulence, all European marine isolates tested so far typically produce little or no mortality in rainbow trout fry following waterborne challenge (Dixon et al., 1997; Skall et al., 2004) . However, some of the marine isolates have been shown to be highly pathogenic to turbot (Scophthalmus maximus) and Pacific herring (Clupea pallasii) (King et al., 2001; Kocan et al., 1997) .
Based on the above historical and experimental experiences, it therefore seems reasonable to differentiate between VHSV isolates derived from rainbow trout and those derived from other fresh-and marine water species. Genetic evolutionary studies of VHSV based on the estimated nucleotide substitution rate have shown that the marine environment is the original reservoir of European freshwater isolates of VHSV sharing a genotype I ancestor some 60 years ago (Einer-Jensen et al., 2004) . This study also showed that host adaptation from the marine environment/species to rainbow trout has occurred at least three or four times in freshwater farms in Denmark. In addition, VHSV outbreaks in fish reared on the coasts of Finland, Sweden and Norway, as well as in a Georgian rainbow trout farm, showed genetically close relatedness to marine isolates from the surrounding water (Dale et al., 2009; Einer-Jensen et al., 2004; Nishizawa et al., 2006) . These findings could be due to oral transmission of VHSV as a result of preying on invading infected wild fish (Schönherz et al., 2012) and/or infection as a result of virus shedding from infected animals into the water surrounding aquaculture facilities. Although the mechanisms responsible for the increase in virulence are unknown, it has been shown that it is possible to increase virulence following passage in novel host fish species (Snow & Cunningham, 2000) .
Sequencing of complete VHSV genomes derived from rainbow trout and other VHSV isolates have been performed (Ammayappan & Vakharia, 2009; Betts & Stone, 2000; Biacchesi et al., 2010; Campbell et al., 2009; Schütze et al., 1995) . By alignment of the complete genome sequences, it has not been possible to correlate any variations in the viral proteins and/or intergenic regions with the virulence of the various isolates. Thus, experimental infection trials are still the only way to discriminate VHSV for host specificity and to estimate the level of VHSV strain virulence in rainbow trout.
Infectious hematopoietic necrosis virus (IHNV) is another salmonid novirhabdovirus closely related to VHSV. A reverse genetics system to recover infectious recombinant (r)IHNV entirely from cDNA has made possible to genetically manipulate the viral genome (Biacchesi et al., 2000 (Biacchesi et al., , 2002 . Functional heterologous exchanges of the G and Nv proteins between IHNV and VHSV have been reported, although these proteins are poorly conserved (Biacchesi et al., 2002; Thoulouze et al., 2004) . In the present study, we evaluated the level of virulence of chimaeric rIHNV in which the homologous G or Nv protein was exchanged with those of two VHSV isolates displaying different virulence to rainbow trout. Our findings showed that the pathogenicity of the rIHNV-VHSV chimaeric viruses were similar, regardless of whether the G or Nv gene originated from low-virulence VHSV isolated from a marine fish species or from a highly virulent VHSV isolate derived from rainbow trout. The results thus indicated that virulence is not determined by either of these two viral proteins alone. Interestingly, recombinant IHNV gained higher virulence following substitution of the G gene with those of the VHSV strains, whilst the opposite was the case following substitution of the Nv gene.
RESULTS
Recovery and characterization of rIHNV expressing Nv or G protein from two VHSV strains Using a reverse genetics system described previously (Biacchesi et al., 2000) , we generated recombinant IHNVs in which the G or Nv gene was substituted by the corresponding gene of an avirulent marine VHSV isolate, designated rIHNV-G-vhs and rIHNV-Nv-vhs, respectively. A rIHNV expressing the G and Nv gene from a trout-derived VHSV isolate FR-07-71 has been published previously (Biacchesi et al., 2002; Thoulouze et al., 2004) . DNA sequencing of PCR amplicons covering the substituted gene regions confirmed all recovered hybrid viruses.
Replication kinetics were compared in cell cultures inoculated with an equal low m.o.i. At day 2 post-inoculation, 50 % cytopathic effect (CPE) was observed in flasks inoculated with either of the rIHNV-G-vhsv isolates, whereas only a few rounded cells were observed in flasks inoculated with the two rIHNV-Nv-vhsv viruses. The delayed CPE correlated with approximately 1000 times lower titres at day 2, whereas the final titres of the rIHNV-Nv-vhsv variants were between 2-and 10-fold lower than those of the rIHNV-G-vhsv variants at day 6 post-inoculation (Table 1) .
These recombinant viruses were characterized further by a seroneutralization assay using specific IHNV and VHSV anti-G mAbs ( Table 2 ). The rIHNV-G-vhsv variants were neutralized only by the VHSV G-specific mAb 3F1A2, whereas the rIHNV-Nv-vhsv variants were neutralized only by the IHNV G-specific mAbs.
Virulence of the chimaeric rIHNVs in rainbow trout
In experiment 1 (Fig. 1a) , the rIHNV-G-vhs chimaeric viruses showed similar and very high virulence (84-88 %), whereas the rIHNV-NV-vhsv chimaeric viruses showed low and similar virulence (5-11 %), regardless of whether the G or Nv protein originated from the marine or the rainbow trout-derived VHSV isolate (Table 3) . When the viral challenge dose was increased approximately 10-fold (experiment 2, Fig. 1b) , similar results were obtained. In this trial, the parental rIHNV, wt IHNV and rIHNV-usedfor-Nv-cloning isolates were also included, thus allowing benchmarking of the survival levels of the chimaeric variants with the corresponding control viruses. The survival data revealed that the recombinant rIHNV gained higher virulence following substitution of the IHNV G gene with either of the two VHSV G genes, whilst the virulence decreased following substitution of the IHNV Nv gene with the VHSV-derived counterparts. In experiment 3 (Fig. 1c) , the viral challenge dose was lowered approximately 10-or 100-fold compared with experiment 1. Again, the rIHNV-G-vhsv chimaeric viruses induced similar mortality levels [47 % (4. 3610 3 ) and 51 % (2610 3 )] and higher levels than the parental rIHNV [30 % (4.36610
3 )] at equal challenge titres. Variability in survival between replicate aquaria was occasionally observed and possibly reflected that low challenge doses increased the chance of tank effects. The 10-fold lower actual titres of rIHNV-G-vhsv (FR-07-71) compared to the other virus variants was due to a technical mistake.
Virological examination
Morbid fish from experiments 1 and 2 challenged with wt IHNV, rIHNV, rIHNV chimaeric viruses or medium were examined virologically by ELISA. The analysis confirmed the presence of IHNV in pools of morbid virus-exposed fish representing 44 positive fish out of 46 examined fish and in none of the 21 control fish examined (Table 4) . None of the examined 77 survivor fish sampled at trial termination were found to be virus positive.
In experiment 2, the virological examination using the ELISA assay revealed the presence of virus in all 121 examined morbid fish. When performing the VHSV ELISA analysis of the group challenged with the VHSV isolate DK-3592B, 16/20 fish in experiment 1 and 20/20 fish in experiment 2 were found to be positive. These findings indicated that the sensitivity of the organ ELISA was related to the challenge dose. The fish that died within the first 3 days in experiment 2 were excluded, as their death were considered to be due to mechanical injuries rather than viral disease.
The moribund fish from experiment 3 had clinical signs of viremia but appeared to be of insufficient quality for virus reisolation.
Characterization of the major neutralizing epitope in IHNV G
The neutralizing mAbs 1E11, 5H2, 5A6 and 1H8 used for the plaque neutralization test (50 % PNT) were originally generated by immunizing mice with the IHNV US-WRAC strain. In this study, three of the mAbs (1E11, 5H2 and 1H8) strongly neutralized the rIHNV virus, whereas the neutralizing ability of mAb 5A6 was significantly reduced. The observed differences were in the proximity of the epitopes identified by Huang et al. (1996) . Titres are given as the reciprocal value of the antibody dilution that reduced the number of plaques by approximately 50 %. ND, Not determined. 
DISCUSSION
The work presented here focused on the identification of VHSV virulence determinants, as it is so far unknown why most VHSV isolates from marine fish species are avirulent to rainbow trout, whilst most trout-derived VHSV isolates are avirulent to marine fish species. To our knowledge, this is the first report showing that lack of virulence of a marine VHSV isolate to rainbow trout is unrelated to variations in the genes encoding the G or Nv protein. The experimental setup was based on previous work demonstrating that chimaeric rIHNV viruses carrying the VHSV G or Nv gene substitutions can replicate in both cell culture and in rainbow trout (Biacchesi et al., 2002; Thoulouze et al., 2004) . Here, we demonstrated that the pathogenicity of such recombinant IHNV-VHSV chimaeric viruses was similar, regardless of whether the G or Nv gene originated from VHSV isolated from marine fish or from VHSV derived from rainbow trout.
In the performed infection challenge trials using different challenge doses, we found that interchange of IHNV G with either of the VHSV G proteins resulted in increased virulence for both chimaeras, whereas virulence decreased following substitution of IHNV Nv with either of the two VHSV Nv proteins. These findings are in agreement with the earlier observations of Thoulouze et al. (2004) in terms of virulence of rIHNV-G-vhs or Nv-vhsv chimaerics carrying genes derived from the VHSV FR-07-71 strain. However, the cumulative mortality levels observed by Thoulouze et al. (2004) were in general higher, possibly reflecting differences between trout stocks or challenge conditions. In our study, the level of mortality depended on viral challenge dose. The highest viral challenge doses (approx. 10 5 ) were applied in experiment 2 (Fig. 1b) . Here, survival curves decreased abruptly, starting at 4 days post-challenge and reaching end plateau levels 21 days post-challenge. In experiments 1 and 3, lower challenge doses were applied and mortality started at 7-11 or 7-9 days post-challenge, respectively, without reaching full plateaus before trial termination at 43 and 28 days post-challenge. Mortality progression as well as the cumulative mortality levels therefore clearly correlated with the applied viral challenge doses.
Previous studies of recombinant IHNV lacking the Nv protein (rIHNV-DNv) showed severely impaired replication in cell culture and lack of virulence to trout by immersion challenge (Thoulouze et al., 2004) . Our study shows that rIHNV-Nv-vhsv viruses, independently of virulence of the Nv donor VHSV isolate, had a similar constraining impact on virus growth and resulted in lower virulence compared with the wt IHNV (Tables 1 and 3 ). As the Nv protein of VHSV and IHNV is involved in suppressing the IFN response in host cells, and is therefore essential for efficient growth and pathogenicity (Choi et al., 2011; Kim & Kim, 2012) , we speculate whether the Nv protein of IHNV might suppress Mx or apoptosis responses more efficiently than the Nv protein of VHSV. In addition, the delayed apoptosis and suppression of the innate host response might be especially important in the early stage of viral infection and could thus play a more prominent role in the more slowly developing IHNV infection . Evidence of such differences in host-pathogen interactions for VHS and infectious haematopoietic necrosis (IHN) in rainbow trout was shown recently by Verrier et al. (2013) reporting a lack of correlation between resistance levels of inbred trout families to IHNV and VHSV. At later stages of infection, the level of innate immune response generally correlates with viral load and propagation of disease. Early studies thus showed a reduced IFN response in rainbow trout inoculated with an attenuated low-virulence VHSV variant (Bernard et al., 1985) .
More recently, two genetically similar VHSV isolates derived from cod (Gadus morhua) and rainbow trout were characterized with respect to IFN response in trout (Campbell et al., 2011) . Expression levels of IFN and Mx1 genes were directly related to the degree of virus replication as measured by the expression of VHSV RNAs. In immersion-challenged trout, a significant increase in Mx1 was observed only when using the virulent isolate (DK-F1) and not with the marine isolate (DK-M.Rhabdo). The inability to detect any virus in trout challenged with the marine isolate via immersion suggests that the virus was incapable of establishing infection. The mechanisms for this appear to be more related to initial cellular entry, as also described by Brudeseth et al. (2008) , as well as replication capacity, rather than host innate immune response. These findings are in contrast to those found for the IHNV U and M genogroups, where IFN response significantly increased regardless of target host (trout or sockeye salmon), whilst the degree of replication as measured by viral mRNA expression in the early phase correlated with host resistance to disease (Peñaranda et al., 2011; Purcell et al., 2011) . This is possibly because infection is established both for U and M genogroups, which means that an early IFN response is induced for both.
Host adaptation to trout is also observed for IHNV, as members of the M genogroup are highly pathogenic and associated with more rapid virus replication, resulting in a higher viral load and persistence in rainbow trout, than observed for members of the U genogroup (Peñaranda et al., 2009 (Peñaranda et al., , 2011 Purcell et al., 2009 Purcell et al., , 2011 . To determine whether variations in the viral G or Nv protein were responsible for the growth restriction, four recombinant IHNV viruses were generated in which the G gene of an infectious IHNV clone was replaced by the G gene of U-or M-type IHNV strains and the Nv gene was replaced by the Nv gene of U-or M-type IHNV strains (Park et al., 2011) . As in our study, no significant difference in the in vitro growth kinetics of these recombinants was seen in RTG-2 cells, indicating that the G and Nv proteins are not major factors responsible for the differential growth of the U-and M-type strains.
In a more recent study, Verrier et al. (2013) compared the susceptibility of 10 clonal lines of rainbow trout to IHNV, VHSV and the chimaeric rIHNV-G-vhs (FR-07-71). Whilst several trout lines displayed different susceptibility to the two wt viruses, the VHSV G protein was found to change the virulence pattern of rIHNV-G-vhs towards that of VHSV.
Altogether, the results suggest that IHNV and VHSV G and Nv protein differences do play a role in the interviral species virulence variation, whereas no intraviral species effect could be detected. Further studies including more VHSV isolates of different virulence are needed to confirm this theory. In terms of identification of host speciesrelated virulence markers, studies on further systematic interchange of the viral genes as well their intergenic regions from trout-and non-trout-derived rVHSV are in progress (Ammayappan et al., 2011; Biacchesi et al., 2010) .
METHODS
Virus isolates. The VHSV isolates FR-07-71 and DK-3592B are highly virulent to rainbow trout (de Kinkelin et al., 1980; Skall et al., 2004) , whereas the VHSV DK-1p40 isolate from rockling is avirulent to fingerling trouts after immersion challenge (Skall et al., 2004) . The virulent rIHNV FR-32/87 is based on the highly virulent field isolate FR-32/87 isolated from trout (Biacchesi et al., 2000) .
All virus isolates used for challenge were propagated and titrated on cyprinid-derived EPC cells (Fijan et al., 1983) .
RNA purification. For cloning purposes, propagated DK-1p40 virus (three passages) was inoculated on monolayers of BF-2 cells (Lorenzen et al., 1988; Wolf et al., 1966) . When a total CPE was evident, the cell culture was centrifuged at 4000 g for 15 min. A 5 ml sample was ultracentrifuged (86 000 g, 1 h) and the pelleted virus particles were suspended in 95 ml RNase-free water. Viral RNA was extracted from the pellet using RNA affinity spin columns (RNeasy Total RNA kit; Qiagen), according to the manufacturer's instructions, eluted in RNase-free water and stored at 280 uC until used.
Construction of pIHNV-G-vhsv (DK1p40) and pIHNV-Nv-vhsv (DK1p40) plasmids and virus recovery. Primers used for reverse transcription PCR amplification of G and Nv gene fragments of the VHSV DK-1p40 isolate from rockling are listed in Table 5 . The products were cloned directly from the PCR into a pCRII-TOPO vector (Invitrogen). An Nv insertion SpeI-SmaI cassette allowing the exchange of the Nv gene by any heterologous gene in the antigenomic pIHNV plasmid has been described previously (Biacchesi et al., 2000) . The VHSV DK-1p40 Nv gene was then subcloned in this plasmid using the respective restriction enzyme sites, leading to pIHNV-Nvvhsv (DK1p40). A similar strategy was used to replace the IHNV G gene with that of VHSV DK1p40, using a previously described insertion SpeI-SmaI cassette (Biacchesi et al., 2002) , leading to pIHNV-G-vhsvDK1p40. Recombinant viruses were recovered by transfection of vTF7-3-infected EPC cells as described previously (Biacchesi et al., 2000) . The chimaeric rIHNV-G-vhsv and rIHNVNv-vhsv derived from the FR-07-71 VHSV strain have been described previously (Biacchesi et al., 2002; Thoulouze et al., 2004) . All the recombinant viruses as well as wt virus isolates were propagated by two to four passages and subsequently titrated on EPC cells before being applied in the challenge experiments.
For comparison of replication kinetics, the third passage of chimaeric viruses was inoculated on EPC cells and harvested at 2 or 6 days postinoculation and titrated.
PNT analysis. The chimaeric rIHNV-G-vhsv and rIHNV-Nv-vhsv variants were propagated on EPC cells and harvested at 6 days postinoculation. The assay followed 50 % PNT on EPC cells described by Olesen & Jorgensen (1986) , with slight modifications as in Lorenzen et al. (1998) . Initially, virus isolates were plaque titrated in order to identify the required concentration per isolate needed to obtain approximately 30 plaques per well. The subsequent PNT analysis (Table 2) included neutralizing mAbs against IHNV (US-WRAC) G protein kindly provided by Jim Winton (Huang et al., 1994) . The mAb 3F1A2 to VHSV G were produced in house (Lorenzen et al., 1988; .
Challenge experiments. One day before challenge, the pathogenfree Danish rainbow trout fry were moved to the challenge facility and distributed in aquaria with 8 l of flow-through, decalcified, chlorinefree tap water. Prior to the viral challenge, the water flow was turned off and the volume was either kept at 8 l (experiment 1) or reduced to 2 l (experiments 2 and 3). Based on prior titrations, virus was added to the following final concentrations: experiment 1 : 2.4610 3 ; experiment 2 : 2610 5 ; experiment 3 : 2610 4 or 2610 3 TCID 50 (ml aquarium water) 21 . Aliquots of the challenge virus batches were subsequently titrated in order to determine the actual titres of the viruses applied to the aquaria (summarized in Table 3 ). Virus-free cell-culture medium was added to the mock-challenged aquaria. Water flow was re-established after 2 h.
The size of fish was (mean value) 2.2, 0.3 and 0.75 g, respectively, in experiments 1, 2 and 3. Water temperature was recorded on a daily basis and varied between 9.1 and 12.5 uC in all trials. All animal experiments were performed in accordance with Danish and European legislations for use of experimental animals.
Virological examination of challenged fish. Fish were observed for signs of IHN/VHS, and dead/moribund fish were recorded daily, collected and examined for clinical signs of IHN/VHS. Five dead/ moribund fish per aquarium were sampled during the challenge period and stored at 220 uC for subsequent virological examination. At trial termination, 10 (experiments 1 and 2) or 5 (experiment 3) fish per aquarium were sampled and pooled organs were examined virologically by ELISA or cell-culture assay (summarized in Table 4 ).
For examination by ELISA of IHNV-infected fish organs, wells in microtitre plates were coated overnight with protein A-purified rabbit K33 anti-IHNV (DTU-VET, diluted to 2 mg ml 21 ). After rinsing of the wells with wash buffer 0.1 M [PBS with 0.05 % Tween 20 (PBS-T)], the organ material was pooled and homogenized in a 10-fold volume (w/v) of PBS/BT (PBS-T with 1 % BSA and 1 % Triton X-100) and centrifuged at 4000 g followed by collection of supernatants. Then, 2 % normal rabbit serum was added to the samples, which were subsequently applied to replicate wells (in undiluted and fivefold dilutions) and allowed to react with the coating antibody overnight at 4 uC. Following rinsing with PBS-T buffer, detecting mouse mAb 136-3 (DTU-VET, anti-IHNV N, diluted 1 : 50) was added and allowed to react for 60 min at 20 uC. Following another rinsing step, a second antibody, peroxidase-conjugated rabbit anti-mouse antibody (P260, diluted 1 : 1000; Dako) was allowed to react for 1 h at 20 uC. The peroxidase reaction was measured as described previously (Lorenzen et al., 1988) .
For examination by ELISA of VHSV-infected fish organs, the same procedure as above was carried out, except for the following modifications. Plates were coated with protein rabbit anti-VHSV N plus rabbit anti-VHSV P antibodies (diluted to 2 mg ml 21 in coating buffer) (Lorenzen & LaPatra, 1999) . The detecting primary antibodies were a mix of mAbs IP5B11 to VHSV N and IP1C6 to VHSV P (hybridoma supernatants, diluted 1 : 100; Lorenzen et al., 1988) .
For virus reisolation in cell culture, organs from four to eight small fish were pooled (total tissue weight 0.08-0.27 g) and homogenized following the addition of 250 ml dilution medium (Eagle's minimal essential medium (EMEM). The samples were centrifuged at 4000 g for 15 min. From each sample, 200 ml supernatant was added to 5 ml gentamicin (50 mg ml 21 ; FIRMA) and incubated overnight at 4 uC. Samples were inoculated on 24-well plates with BF-2 cells in EMEM with a supplement of 10 % FBS in Tris/HCl (pH 7.6) and antibiotics at standard concentrations. Wells showing CPE were considered to represent virus-positive pools. Cleared supernatant was used for inoculation of small BF-2 flasks, and RNA was purified as described above. Primers used for RT-PCR amplification of G and Nv ORFs are summarized in Table 5 . Sequence confirmation of the hybrid virus sequences as well as selected recovered challenge virus isolates (Table  3) was furthermore supplemented with internal G gene sequence primers as described previously (Kahns et al., 2012) . Table 5 . Primers used for RT-PCR amplification of G and Nv ORFs of the marine VHSV DK-1p40 isolate or sequencing of the insert of the resulting constructs Cloning primers encoded restriction sites, thus enabling specific subcloning into the pIHNV plasmid construct. The last four primers targeted the rIHNV backbone, and were used for G and Nv amplifications prior to sequencing.
